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Motivation

1) Air quality is forecast daily in the US.

- Forecasts are used to alert the public, but not generally to 

change polluting activities.

2) Many urban areas violate the 8-hr. daily maximum 

ozone standard.

- Violations of the standard are damaging to public health and 

the environment.

- Meeting the standard is costly and challenging.

3) Electric power plants contribute significantly to air 

pollution:

- 18% of total US anthropogenic NOx and 66% of SO2 in 2008.

4) Electric power plants are managed daily to meet 

electrical grid demands at least cost.



A dynamic electricity system
to avoid daily ozone exceedances



Objectives

1) Design a dynamic electricity management system 

that incorporates air quality forecasts, with a goal 

of avoiding daily ozone exceedances in the 

eastern US

2) Demonstrate this dynamic electric system for 

selected episodes from the recent past, evaluating 

operation & decision rule choices.



Approach

CAMx air quality model

emissions Ÿ concentrations

Electrical grid model

least-cost plant dispatch 

to meet grid demand



Use of air quality online sensitivity

- We use and online sensitivity tool (DDM in CAMx) to 

estimate the sensitivity of peak ozone to NOx from 

individual power plants.

- DDM in CAMx ïwe have run DDM to track the sensitivity 

of ozone to NOx from 80 power plants, running in parallel 

on multiple processors.

- If dynamic management seems like a good idea, we will 

recommend that online sensitivity tools be used in air 

quality forecast models.  

- We will investigate options to make online sensitivity practical.



Example Episode: 
Pittsburgh, Aug. 4 & 13, 2005

Aug. 4 Aug. 13



How Much do Power Plants Contribute 
to High Ozone?

Brute force sensitivities, removing emissions from 80 EGUs 

24 hrs. ahead of the day analyzed.

Aug. 4 Aug. 13



How Long Should Power Plants Reduce 
Output to Avoid Ozone Emergency?

12-hr 24-hr 36-hr

Aug. 4, brute force sensitivities, removing emissions from 80 EGUs.



How Many EGUs Need to Reduce Output?

Sensitivities from DDM.

Aug. 4

Aug. 13



How Well Does DDM and HDDM Perform 
Relative to Brute Force?

Aug. 4 Aug. 13



Conclusions from Air Modeling

- Power plants contribute a few ppb to high ozone, enough to 

bring 8-hr. ozone below the standard, at least sometimes.  

- To avoid high ozone, EGUs should reduce output a full day 

in advance, but little is additional gained from reductions 

further in advance.  

- For high ozone in a given location, most of the total 

sensitivity comes from a few EGUs (<6).

- DDM and HDDM perform well, though with some biases 

compared to brute force.  HDDM likely not worth the extra 

computational effort.  
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Grid Modeling: Optimal Power Flow

Choose EGU adjustments 
�' P to minimize cost

Grid and EGU constraints

Supply/demand balance

O3 budget 
constraint and 
transition eqn.


